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platinum and rhodium catalysts. When us- 
ing palladium catalysts, for example palla- 
dium/carbon catalysts, maleic anhydride 
mav be hydrogenated only to the stage of 

5 Y^*yro'* actone or the reaction is stopped 
at the succinic acid stage. 

The present invention is based on the 
observation that maleic anhydride or maleic 
acid or mixtures thereof may be converted 

10 directly into butanedioMI.4) in a one-step 
catalytic reaction with excellent vield.s and 
conversions and a very high service life of 
the catalysts. 

» Th's is very surprising since acceptable 
15 yields have been obtained hitherto only with 
unstable catalysts completely unsuitable for 
prolonged technical use. When more stable 
catalysts arc used very low yields of butane- 
dioM 1 .4). if any. or succinic acid only, are 
20 obtained. 

The present invention provides a process 
for preparing butanedioMI.4) which com- 
prises hydrogenating maleic anhydride, 
maleic acid of a mixture thereof in the pre- 
25 ■ sence of a catalyst comprising an element of 
sroup VIIA of the Mendeleef Periodic 
Table or a compound thereof and ruthe- 
nium, rhodium, palladium, osmium, iri- 
dium, or platii'.um or a mixture of such ele- 
30 ments and compounds. 

The process of the present invention is 
especially distinguished by the fact that 
practicaliv no by-products such as tetnihy- 
drot ui an. v-butyrolactone and succinic ackl 
35 are obtained and that the formation of n- 
butanol. disclosed in the literature during 
hvdroeenaiion of maleic anhydride and 
maleic acid to tetrahydrofiiran and y- 
butyrolaaone, is insign&cant. 
40 Tlte process of the present invention for 
preparing butanedioM 1.4) is a technically 
s-mple and very economical method, in 
uhich problems associated with waste pro- 
duas. which may bi observ ed in the former 
45 processes for preparing butanedioM I -4) 
frcm (fihalobutanes. do'not occur. 

The catalysts used in the process of the 
present invention contain elements or com- 
pounds of elements of group VIIA of the 
50 Mendeleef Periodic fable (manganese, 
technetium and rhenium), and ruthenium, 
rhodium, palladium, osmium, irridium or 
platinum or compounds thereof, including 
mixtures of elements of one group with 
55 compounds of elements of the other group. 
Preferred group VIIA elements are mun- 
eanese and rhenium. The preferred speci- 
.iied .group VIJl elements are palladium and 
platinum. The most preferred cutalyst mate- 
^ rials are those comprising pjlladium-rhc- 
nium. platinum/rhenium and ptatinum/pal- 
ladium/ rhenium 



.An espcciailv '^urprisina advuntagc in the 
present pr'.'cc». rcNides in the taei hat 
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pie combination of elements of group VIIA 
or compounds thereof with the specified 
group VIII elements or compounds thereof, 
which cannot be obtained when using ele- 
ments of one group or compounds thereof 
alone, especially with rhenium or palla- 
dium. 

In addition, it was not to be expected that 
practically quantitiative conversion of 
maleic anhydride and/or maleic acid could 
thus be obtained without notably less activ- 
ity of the catalysts used according to the pre- 
sent invention. 

The combination of the elements of group 
VIIIA with the specified group VIII ele- 
ments, especially rhenium and palladium, 
and/or their compounds, has therefore, a 
surprisine. and considerable stabilizing 
effert and increases significantly the life of 
the catalysts as compared to those described 
in the literature. This is of decisive import- 
ance for prolonged technical c7eration and 
as a result the present process is superior to 
the prior art processes. 

In the process according to the present in- 
vention, the catalvsts are generally used in a 
pulverulent form'. They may also be used, 
however, in a tabletted' form or mixed with 
inert materials which optionally sen e as car- 
riers. 

Suitable carriers are. for example: silicon 
dicxide. titanium dioxide, silicon dioxide- 
aiuminium oxide, carbon, thoiitim oxide, 
zirconium oxide, silicon carbide, spinels and 
aluminium oxide. The carrier may be pul- 
verulent or shaped, for e.xample as granules, 
pellets, tablets, compressed extruded mate- 
rials, saddles, rings or tubes having a hon- 
evcomb structure. 
' If supported catalysts or catalysts mixed 
with inert materials are used, the quantity of 
the cata.vticailv active substance is generally 
in the ra'nr.e ifom O.l to 5l)''f by weight of 
the total quantity of the catalyst. The quan- 
titv of the inert material (carrier) is conse- 
quently from V9.9 to 50^f of the total weight 
of the 'catal\-st. 

The weie'ht ratio of the elements of eroup 
VIIA to those of eroup VIII is preferably in 
the ranee from 99: 1 to 1 :99. more preferably 
from 1(3:1 to 1:10. 

The catalvsts may oe present in the torm 
of elements or as compounds or as mi.xtures 
of both, optionally together with earners. 
Consequently thev may be p-epared using 
directly suita'bl-, compounds bemg optional- 
ly supported or bv reducing these com- 
pounds to a greater or lesser e.xtent. opiion- 
allv to the elements. 

Suitah'.e comp*'unds are. for e.xample: ox- 
ides, hvdratcd oxides, ca^nates. nitrates, 
borides. carboxvlates (such as L^cetaies. 
propionates and'buiyratesi and chcbtes of 
I. 3-dike:o compounds (for e.xample ino- 
lates such ai acetyl aceioriates. benzoyl ace- 
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tonates and acetoacetic acid ester com- 
pounds). Especially suitable are carboxy- 
lates. acetylacetonates. oxides and hydraied 
oxides. For technical and economic reasons. 

5 the use of rhenium, for example, in the form 
of potassium psrrhenate or rhenium heptox- 
ide, and of paUadium in the form of palla- 
dium (II) acetate or acetyl-acetonate is 
especially advantageous, as these com- 

10 pounds are commercially available. 

For preparing, for example, palladium- 
rhenium catalysts, a solution of a palladium 
carboxylate of of a compound reacting with 
a carboxylic acid to yield palladium carboxy- 

15 late, such as hydrous palladium oxide, palla- 
dium nitrate, palladium hydroxycarbonate 
or a salt of a 1.3-diketo-co'mpound such as 
acetoacetic acid ester or acetylacetone. in an 
anhydrous or water-containing carboxylic 

20 acid together with perrhenic acid or its salts, 
is applied to the carrier, for example by im- 
pregnating, immersing or suspending the 
carrier material or by spraying. The car- 
boxylic acid is then eliminated by drying. 

25 preferably at an elevated temperature. In 
vacuo or under atmospheric pressure. The 
catalyst can then be used directly, but is pre- 
ferably treated with a gaseous or liquid re- 
ducine aeent at a temperature from 15 to 

30 20t>C". 

Suitable carboxylic acids are all liquid 
aliphatic carboxylic acids having of from 2 to 
10 carbon atoms which may be vaporized in 
vacuo without being decomposed. Acetic 

35 acid, propionic acid and butyric acid are 
preferably used: especially preferred is ace- 
tic acid. 

The solutions of both compounds used for 
preparing the catalysts, for examole a palla- 

40 dium salt and a rhenium compour. .1. may be 
applied separately to the carrier material, 
but the palladium and rhenium compounds 
arc preferably dissolved in a single carboxy- 
lic acid. It is also possible to apply firrniy 

45 from carboxylic acid solution one of the pal- 
ladium compounds to the carrier material 
and to apply subsequently the solution of a 
rhenium compound in a carboxylic aciu. 
The reduction of the catalysts may be per- 

50 formed in the liquid phase, for example with 
hydrazine hydrate, but is advantageously 
carried out at an elevated tempeniiure. for 
example from HH) to ZDO'C. in the gaseous 
phase with reducing vapours or gases such. 

55 as hydrogen, methanol. . formaldehyde, 
ethylene, propylene and butene. in a diluted 
or undiluted form. Strongly diluting at the 
beginning with inert gases such as nitrogen, 
carbon dioxide and noble gases and increa.";- 

60 ins the concentnitiDn of the roducine agent 
as'tfae rednciiod progresses have piuved spe- 
cially advantageous, so that the roi'uctiim 
may be terminated tor examole in purv hyd- 
rogen. The re'JucTK*n may he performed in a 

65 separ;iie de^•lcc t»f -.n the apparatus used tV.r 



convening maleic anhydride and/or maleic 
acid into butanedioMl.4). 

The catalysts may be pyrophoric. In this 
case they must be appropriately treated. Re- 
ducing the catalyst and reaaiiig maleic acid 70 
and/or the anhydride in the same apparatus 
is especially advantageous in this case. 

An important facfor in carrying out the 
single-step direa process of the present in- 
vention on an industrial scale is that practic- 75 
ally no succinic acid is formed, an acid which 
would readily precipitate owing to its ex- 
tremely low solubility and cause obstruction 
of the apparatus or require a further reac- 
tion step. 80 

For carrying out the process of the pre- 
sent invention in an optimum manner, the 
hydrogenolysis of maleic anhydride and/or 
maleic acid is generally performed under an 
elevated press'ure and at an elevated tem- 85 
perature. 

The reaaion temperatures are therefore 
senerallv from 50 to 300°C. preferablv from 
150 to 250°C. 

The reaction pressure is generally from 50 90 
to 500 bars, preferably from 100 io 350 bars. 

The hydrogen for the hydrogenolysis of 
maleic anhydride or maleic acid is generally 
used in a considerable stoichiometnc excess. 
Unreacted hydrogen may be recycled to the 95 
reaaion zone. The reaction may be carried 
out continuously or discontintiously. Hy- 
drogen is generally used in a technically 
pure form. Admixnires of inen gases sticb 
as nitrogen, however, do not disturb the 100 
course of the reaction. 

The reaction time in the process of the 
present invention is generally from . 5 mi- 
nutes to 8 hours, for example about 3 to 6 
hours, when working discontinuously in an . 105 
autoclave. 

Pulverulent catalysts may be filtered off at 
the end of the reaction or be separated by 
centrifugation and be reused without a 
noticeable loss of activity. 110 

When working continuously, for example 
in the trickling phase, tableited catalysts or 
those applied on carri ers are generally used. 

The solvents generally u»ed in hydrogena- 
tions may be used, for example dioxan. tet- 115 
rahydropyran or other cyclic or straight 
chain ethers, for example tetrahydrofuran 
or diethyl ether. Polyalkylene glycol dialkyi 
ethers, for example tetramethyieneglycol di- 
butyl ether, tetramethylene-glycordipentyl 120 
ether, tetraethylenealycol dimethyl ether, 
tetraethyleneglycol diethyl ether and dieth- 
ylentailycDJ Jibuiyl ether or muxtures of 
these or other solvents may also be used. 
St)lvents having a boiling p*)int above H5'C 125 
have proved es'peciully advantageous. The 
content of maleic acid" and or anhydride in 
the initial S).>lution in thi» case is generally 
from 5 to Wfr bv weiaht. L'sing maleic 
anhydride as a 2<l to -Wr "bv wetght'soluiion 130 
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in 1. 4-dioxan has proved advantageous. 
Water is also suitable as a solvcni for maleic 
acid. The quantity of catalyst used for the 
hvdrogenation is generally from 0.5 to 
5 by weight of the 'quantity of maleic anhy- 
diide or maleic aad. 

Maleic anhydride, maleic acid and any 
mixture of Nith substances may be used a.s 
the staiting material. 

10 The reaction mixtures are generally work- 
ed up bv fractional distillation. 

The following method has proved espe- 
ciallv advantageous for preparing butane- 

• dioHi.4) discontinuously: to a solution of 

15 maleic anhydride in l,+-di»).\an in a high 
pressure autoclave together with the 
catalyst, hydrogen is Introduced under 
pressure anil the" reaction mixture is heated. 
At the end of the reaction the reaction mi.x- 

20 ture is cooled, the catalyst is separated and 
the mixture is distilled by fractionation. 

The following E.xamples illustrate the in- 
vention. 

25 Example I: 

2~e of palladium acetate and 4 g of rhe- 
nium" heptoxide were dissolved in 120!) ml of 
acetic acid at Sll^C and UK) g of kieselguhr 
were added. The mi.xture was evaporated to 
dryness in vacuo while stirring and then re- 
duced in a hydrosen atmosphere at H*fC. 

0.5 mol of maleic anhydride (492) were 
dissolved in KXI ml of dioxan. The solution 
was poured into a I liter autoclave provided 
with' a shaking device together with ."^ g of 
the pulverulent kieselguhr catalvst contain- 
in" Ui.b'r of palladium and l.yi- of rhe- 
nium. Hydrogen was introduced until a 
pressure ot 215 bars was reached and the 
mixture obtained was rapidly heated to 225 
to 2.iH'C. .After about 6 hours she reaction 
wa> interrupted and the reaction mixture 
was rapidiv dried. .After separation of the 
catalvst 151.5 g of a water-clear, colorless 
reaction Mjlution was obtained containing 
2T.y of i .4-butane-diol i42.2 gl corrss- 
pondine to 93.8'"r of the theory. Besides 
butanedioM 1.4) and the solvent dioxane. 
water could be detected as well as rather 
small quantities of y-butyrolactone. tetrahy- 
drofuran. n-butanol by gas chromatography 
and traces of succinic acid by titrimeiry . 
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55 Example 2: 

-IV e of maleic anhydride were di>st)lvcd in 
W rnl of dioxane. The solution wa* reaacd 
tostther with 5 9 g <.itt the .sU.tthiJy wet 
catalvst. which had already been u-scd in Ex- 

fjn ample I and had been tillered »>tt; iu the 
manner described in Example 1. There 
aere obtained 149 S of a waicr-ciea' coI t- 

>oJution containing 2S.2''' oi 
i^vtiOctB^A i-:2..' g). This corresponded to 

^ \j\ v.. .yi the theory. The reaction mixture 



contained still small quantities of a polyester 
besides the substances cited in Example I. 

Example 3: 

The calculated quantity of platinum ace- 7( 
tate and rhenium heptoxide m acetic acid 
solution was admixed with kieselguhr. dried 
and reduced as described in Examplc l. 

A solution of 58 e of maleic acid («).5 mol) 
in 200 ml of water'was poured into a I liter T. 
steel autoclave together with 6 g of the 
kieseleuhr catalvst "containine lOCt of plati- 
num and 2.8% of rhenium. Hydrogen was 
introduced until a pressure of 195 bars was 
obtained and the reaction mixture was B> 
rapidiv heated to i30°C. 

After a reaction time of about 3 and a half 
hour^ another 25 bars of hydrogen were in- 
troduced. After a total reaction time of 5 
hours the reaction was stopped, as no funh- & 
er hvdroeen absorption could be observed. 
The catalvst was separated by a centrifuge 
and 253 g of a reaction solution were 
obtained. 

The water-clear, colorless solution con- 9 
tained Ib^i or 40.8 g of butanedioM 1.4) 
corresponding to W.oVc of the theory . 

The reaction mixture contained besides 
butanediol-(1.4) and water 0.53% of y- 
butvrolactone. D-G*"*- of n-butaneol as well 9 
as small portions of tetrahydrofuran. succi- 
nic acid and butyric acid. 

Example 4: . t l , 

For preparinz the desired quantity of the 1 
catalvst. palladi"um acetate, rhodium acetate 
and rhenium heptoxide were dissolved in 
the calculated quantities in acetic acid, alu- 
mosilicate powder *-as added and the mix- 
ture was dried and reduced as described in 1 
Example 1. Theti OJ mol of maleic anhy- 
dride (49 e) were cfissoK-ed in 100 g of tet- 
rahvdropvTan (about 114 ml). 5.2 a of the 
kieselauhr-aluminium oxide catalyst were 
added" containing ■S.5-f of palladium. 4.2*^^ 1 
of rhiHliuum and 2.7'f of rhenium and the 
mixture was placed into a 0.5 liter autoclave 
provided with a maenetic type lifting stirrer . 
.After havinz introduced hydrogen until a 
pressure of l.>9 bar* was obtained the mix- ] 
ture was rapidiv heated to 22tr"C and 
allowed to reaction for a total of 4 and a half 
hours. Thereafter it was rapidly cooled, the 
catalvst was separated and the reaction mi.x- 
ture was analvzed t?y gas chromatography. 

of a solution' were obtained coniaiiv 
ina 2ft.9'^r of butanedioM 1.4) 139.6 g). 
wfiich corresponcSed to about .SS^'i- of the 
theory. 

Example 5: ' 

For preparing the cataKsi e of aaive 
c-jrK>n (.sill m" £_according to BET. pore 
v.ilume of 0.9 ml 2) were impregnated with 
a solution of 2U g'of Na^PdCl, In 86 ml of- 
water, dried while stirring, impregnated 
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with a solution of 4 g of NaOH in .S8 ml of 
HX) and allowed to stand for 2 hours. 
Thereafter the mixture was washed until it 
was free from chloride, dried to a weight of 
5 I5() e. impregnated with a solution of 6 s of 
Rc.-O- in 5t) ml of water, dried while stirring 
and reduced in hydrogen at 20(f C. 

0.25 mol of maleic 'anhydride (24 g) and 
0.25 mol of maleic acid (29 g) were dissolved 

10 in iW ml of slightly heated dioxan 5 g of the 
catalyst based' on active carbon po^vder 
were added which contained 4.1'"'f of rhe- 
nium and >'..2Cc of palladium oxide and the 
mixture \i'as poured into a 0.5 liter high 

15 pressure autoclave provided with a shaking 
device. 

After ha^ng introduced hydrogen until a 
pcessuie of 170 bars was obtained, the mix- 
ture was heated to 232°C and allowed to 
20 react for 3 hours. Another 40 bars of 
hydrogen were introduced and the reaction 
mixture was rapidly cooled after 1.5 hours. 
The catalyst was then separated, from the 
mixture. 

25 149.3 g of reaaion solution were obtained 
containing 39. S g of-butanedioH l--*!- 

Example 6: 
The kieseiguhr catalyst used in Example I 

30 was compresied to tablets having a diameter 
of 6 mm and a thickness of 2mm on a t>ellet- 
ing machine. I liter of this catalyst was 
poured into a stainless steel high pressure 
reactor ha\nng a length of about 2 m. The 

35 af)paratus was flushed with nitrogen and 
hydrogen was slowly added until a pressure 
of 26<) bars was attained. While adding hyd- 
rogen at the lower end of the reactor a .'2''r 
soFution of maleic anhydride in dioxan was 

40 added at the upper end and allowed to trick- 
le over the catalyst. .\s soon as a liquid left 
the reaaor at the lower end. the reaaion 
mixture was slowly heated to the working 
temperature of 225'C while continuing the 

45 addition of hydrogen at a rate of about 8 to 
III Nm " h iN meaning that the volume is cal- 
culated under normal conditions of terrper- 
ature and prKsure i.e. of (fC and 760 
mmHs) and dioxan-maleic anhydride at a 

50 nite ot about 1520 g h. Two hours after hav- 
ing attained the workina temperature of 
225"C the leaving reaction mixture was 
analyzed at hourly intervals. Per hour there 
were obtained ab»iut !5W) g of reaction mix- 

55 ture containing on the average from 25 to 
lf>''r of butanedioMI.-!). which correspond 
to about S5 to ytKr of the theoretical vield 
of butanediol-H l.4i. .A decrease of the'out- 
put could not be nrKcrved even after 

60 . working hours. 

Example T: 

211 g of pailaJiurh acetate. Hi a of iridium 
acetate and 4 g oi rhenium hepioxide were 
65 dissolved in WXi ml of gljaal jcetic acid and 



IIX) g of kieseiguhr were introduced by stir- 
ring; the mixture was dried in a rotary eva- 
porator at 60°C in a water jet vacuum. The 
dried catalyst was reduced in an aqueous 
solution of a sodium borohydride at a tem- 70 
perature of 40^0. then washed and dried. It 
contained 8.2<re of palladium. 4% of iridium 
and 2.3Q of rhenium as borides. the percen- 
tages being calculated on the elements. 

3 g of this catalyst were placed in an auto- 75 
cla%e with 0.5 mol of maleic anhydride and 
I(XI ml of dioxan and treated as described in 
Example I. 

148.1 g of ?. water-clear colorless reaaion 
solution were obtained containing 39.tS g of 80 
butanedioH 1.4). 

Example 8: 

19.5 g of palladium acetate. 7.7 g of ruthe- 
nium acetate and 3.3 g of rhenium hepto.x- 85 
ide were dissolved in 9t}0 ml of acetic acid. 
ICKJ g of zirconium oxide were introduced by 
stirrmg. the mixture was dried in a rotary- 
evaporator in vacuo 2nd reduced in hy- 
drogen at 200°C. 90 

0.5 mol of maleic acid (58 g) were dis- 
solved in 100 ml of warm dioxan. 7.5 a of a 
zirconium oxide catalyst contraining 8. 1 
of palladium. 2.5''c of ruthenium and 2.2 
of rhenium were added and the mixture was 95 
placed into a 0.5 liter autoclave pro\'ided 
with a magnetic type lifting stirrer. Hyd- 
rogen was introduced until a pressure of i78 
bars was obtained, the mixture was rapidly 
heated to 215'C and allowed to reaction for 100 
3 and a half hours. The mixture was cooled, 
the pressure released and the reaction solu- 
tion was analyzed. After having filtered off 
the catalvst 138 s of a solution containing 
24.8^;^ or 34.9 g of butanedioH 1. 4> was 105 
obtained, which corresponded to about 78 

of the theory. 

Comparative Example I : 

27 g of palladium acetate were dissolved 110 
in 12tlO a of glacial acetic acid at 80'C and 
100 2 of kieseiguhr were added. This .mLx- 
ture was dried and reduced as described in 
Example 1. 

0.5 mol of maleic arid (149 g) were dis- 115 
solved in lOll ml of dioxan. The solution was 
reaaed in the manner described in Example 
I with 5 e of the kieseiguhr catalyst contain- 
ing U) <"r of palladium^ 

14M.3 g of a slightly yellow solution were 120 
obtained, containing only 3.5 (5.2 zi of 
butanedioM 1.4;. The main produa o? the 
reaction was 5-butyrobctone being present 
in the reaaion solution in an amount of 23.1 
Tr. t2S 

3.2 2 of rhenium heptoxide were dissolved 
in 4(«rml of glacial acetic arid and UW g of 
kiesetgtibr were introduced by stirring this 
mixture was dried and reduced as described 130 
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in Example 1. 

The hvdroeenation was carried out as de- 
scribed in Comparative Example 1. but by 
usina instead of the catalyst used therein 5 g 

5 of the SiO: catalyst containing 2.3 of rhe- 
nium. 147.2 g of a reaction' solution were 
obtained containine onlv traces (<0.2 of 
butanediol-(1.4), 10.2 % of v-butyrolactone 
but more considerable quantities of succinic 

10 acid, partly precipitatina. 

WHAT WE CLAIM'IS:- 

1 . .A process for preparing butanediol- 
( 1 .4) which comprises hydroge"hating maleic 
anhvdride. maleic acid or a mixture thereof 

j5 in the presence of a catalvst comprising an 
-.element of group VlilA of the Mer.deleef 

Periodic Table or a compound thereof and 

.ruthenium, rhodium, palladium, osmium. 

iridium or platinum or a compound thereof 
20 or a mixture of such elements and com- 

pitunds. 

2. -•N process as claimed in claim I. 
wherein the group VIIA element is man- 
ganese or rhenium. 

" 3. A process as claimed in claim 1. 
wherein the catalyst comprises rhenium or a 
compound thereof and palladium and plati- 
num or a compound thereof. 

4. .A process as claimed in claim 1. 
30 wherein the catalyst comprises rhenium or a 

compound thereof and palladium or a com- 
p>uund thereof. 

5. .A process as claimed in any one of 
claims 1 to 4. wherein the compounds are 

35 oxides, hvdrated oxides, carboxylates. che- 
lates of l.'3-diketo compounds, nitrates, car- 
bonates or borides. 

6. .A process as claimed in any one of 
claims 1 to 5. wherein the catalyst is sup- 

40 ported on a carrier material. 

?. A process as claimed in claim 6. 
wherein the quantity of cataluirally active 
substance is from il.'l to 5()'"r by weight of 
the total quantity of the catalyst. 

S. A process as claimed in claim 6 or 



c'aim 7. wherein the carrier material is sili- 
con dioxide, silicon dioxide.'aluminium ox- 
ide, carbon, titanium dioxide, thorium o.x- 
ide. zirconium oxide, silicon carbide, a 
spinel or aluminium oxide. 

9. .A process as claimed in any one of 
claims I to 8. wherein the weight ratio of the 
element of group VILA to ruthenium, rho- 
dium, palladium, osmium, iridium or plati- 
num is from 99:1 to 1:99. 

10. A process as claimed in any one of 
claims 1 to 9. wherein the reaction tempera- 
ture is from 50 to 300°C. 

11. A process as claimed in any one of 
claims I to 10. wherein the reaction pressure 
is from 30 to 500 bars. 

12. A process as claimed in claim 4. 
wherein the catalyst is prepared by applying 
a carboxvlic acid solution of a palladium car- 
boxylate or of a palladium compound yield- 
ine a carboxylate in the presence of a car- 
boxylic add. together with perrhcnic acid or 
a salt thereof, lo a carrier material, rcmov- 
ine the carboxylic acid by drying in vacuo or 
utider atmospheric pressure and treating the 
catalyst with a gaseous or liquid reducing 
agent at a temperature of from 15 to 2(X)'C. 

13. A process as claimed in claim 12. 
wherein the liquid aliphatic carboxylic acid 
has from 2 to 10 carbon atoms, and is vapor- 
izable in vacuo wii.jout being decomposed. 

14. .A process as claimed in claim I car- 
ried out substantially as described in any 
one of Example 1 to vS herein. 

15. A process as claimed in claim 12 car- 
r-d out substantially as described in any 
one of Example 1 . 4. 7 and S herein. 

16. Butanediol-(1.4) whenever pre- 
pared by a process as claimed in any one of 
daims 1 to 15. 

.ABEL & 1MR.AY. 
Chartered Patt.it .Agents. 
Northumberland House. 
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